A 61-year-old male who worked as a frozen chicken processor was referred to us with necrotizing skin ulcers on his hands and feet. Serum IgG and IgA levels were 4,355 mg/dl and 605 mg/dl, respectively. Serum immunoelectrophoresis demonstrated M-bows for anti-IgGl and anti-IgAk. Bone marrow aspirate revealed approximately 31% atypical plasma cells. Cryoglobulin was identified in his serum. Cryoglobulin immunoelectrophoresis revealed monoclonal IgGl paraproteins. The diagnosis was IgGl type multiple myeloma and concurrent IgAk type monoclonal gammopathy of undetermined significance with type I cryoglobulinemia. A skin biopsy taken from an involved site showed amorphous eosinophilic material occluding small vessel lumens. There was a good response after one cycle of chemotherapy consisting of vincristine, adriamycin and dexamethasone (VAD). There was a concurrent decrease in serum cryoglobulin levels ; this was associated with reepithelialization of skin ulcers. Two years later, multiple myeloma progressed during a maintenance therapy of melphalan and prednisolone. Treatment with bortezomib following VAD resulted in a transient response. Serum IgG levels increased to 7,200 mg/dl, in contrast to a decrease in IgA levels to 7 mg/dl. The increase corresponded with the reappearance of skin ulcers. Shortly thereafter, the patient died of multiple myeloma. 〔J Clin Exp Hematopathol 50(1) : 71-74, 2010〕 
INTRODUCTION
Cryoglobulins are proteins that precipitate at reduced temperatures and redissolve when the temperature is raised. Cutaneous manifestations, including ulceration and necrosis in 5-25% of patients, are the major clinical presentations of cryoglobulinemia. 1, 2 Cryoglobulinemia may be a primary disorder or associated with an underlying hematological, autoimmune or chronic infectious disease. In 6 to 10% of patients, cryoglobulinemia is associated with multiple myeloma. 1, 3 Multiple myeloma, characterized by a neoplastic expansion of plasma cells, is typically a monoclonal gammopathy but biclonal gammopathy is seen in 2% of patients. 4 The clinical features of biclonal gammopathy are similar to those of monoclonal gammopathy. There have been few reports of biclonal gammopathy with cryoglobulinemia. 5 Here, we report a case of IgGl type multiple myeloma and concurrent IgAk type monoclonal gammopathy of undetermined significance (MGUS) complicated by necrotizing skin ulcers due to type I cryoglobulinemia.
CASE REPORT
A 61-year-old male who worked as a frozen chicken processor was referred to us in December 2005 with necrotizing skin ulcers on his hands and feet (Fig. 1A, 1B) . Laboratory findings were as follows : leukocyte count, 7.0 × 10 9 /L ; hemoglobin, 9.9 g/dL ; platelet count, 264 × 10 9 /L ; total protein, 10.0 g/dL ; albumin, 3.0 g/dL ; creatinine, 0.7 mg/dL ; calcium, 8.6 mg/dL ; C-reactive protein, 5.5 mg/dL ; IgG, 4,355 mg/dL ; IgA, 605 mg/dL ; IgM, 39 mg/dL ; b2-microglobulin, 4.0 mg/dL ; fibrin/fibrinogen degradation products, 28.8 mg/mL ; D-dimer, 14.7 mg/mL. Serum protein electrophoresis on cellulose acetate membranes showed an M-band in the g region. Serum immunoelectrophoresis demonstrated M-bows for anti-IgG, anti-IgA, anti-l and anti-k, indicating IgGl and IgAk paraproteins ( Fig. 2A) (Fig. 2B) . Computed tomography scan showed a compression fracture of the lumbar vertebra. Bone scintigram revealed an abnormal uptake in multiple bones. A skin biopsy taken from an involved site showed an inflammatory infiltrate and amorphous eosinophilic material occluding small vessel lumens (Fig. 3) . The diagnosis was IgGl type multiple myeloma (Durie-Salmon, stage II ; International Staging System, stage II) and concurrent IgAk type MGUS with type I cryoglobulinemia. The patient received chemotherapy consisting of vincristine, adriamycin and dexamethasone (VAD), and local and systemic administration of prostaglandin preparations. There was a good response after one cycle of VAD, with a decrease in serum IgG and IgA levels to 1,320 mg/dL and 355 mg/dL, respectively. There was a concurrent decrease in serum cryoglobulin levels, which was associated with re-epithelialization of skin ulcers (Fig. 1C) . Two years later, multipe myeloma progressed during a maintenance therapy of melphalan and prednisolone. Serum cryoglobulin was positive. Treatment with bortezomib following VAD resulted in a transient response. Serum IgG levels increased to 7,200 mg/dL in contrast to a decrease in IgA levels to 7 mg/dL in December 2008. At that point, skin ulcers reappeared. Shortly thereafter, the patient died of multiple myeloma.
DISCUSSION
Compared with type II and III cryoglobulinemia, ulceration and hyaline thrombosis associated with a high circulating cryoglobulin level (cryocrit > 20%) were more common in type I cryoglobulinemia. 2 Berliner et al. speculated that occlusion of small cutaneous blood vessels by cryoglobulin aggregates may play a role in the development of skin ulceration. 6 In our patient, the cryocrit was 20% and small vessel occlusion was seen. This suggested that cryoglobulin aggregates may have contributed to the development of necrotizing skin ulcers. Temperature, pH, protein concentration and ionic strength affect the cold insolubility of cryoglobulins. 7, 8 As such, cold exposure related to the patient's occupation may have promoted cryoglobulin aggregates. Reappearance of skin ulcers at the time of an increase in serum IgG levels indicates a possible connection with cryoglobulin concentration.
Apart from IgM paraproteins, IgA proteins may also cause hyperviscosity syndrome. A possible explanation for this is the tendency of IgA paraproteins to form polymers. However, the effect of IgA paraproteins on cryoprecipitation is not certain. The presence of IgA paraproteins might not affect cryoglobulin aggregates since normal pooled human gG-globulin and non-cryoprecipitating gM-globulin from a patient with Waldenström's macroglobulinemia caused a decrease in cryoprecipitability. 8 Because serum IgA levels were very low when skin ulcers reappeared, IgG cryoglobulin aggregates probably had nothing to do with IgA paraproteins. Further cases are necessary to clarify whether there is any influence of biclonal gammopathy on the cutaneous manifestations in cryoglobulinemia. Fig. 3 . Histopathology of the skin biopsy showed small vessel lumens occluded by an amorphous eosinophilic material (arrow). H&E stain, original magnification, ×200. 
